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SUMMARY 

An investigation of  three a i r , i n l e t s  which w e r e  designed for use at 
transonic-speeds was conducted in the Langley  &foot  high-speed  tunnel. 
The basis  of t h e  design of these inlets waa the  use of a noBe which was 
shaped so tha t  substream velocit ies are maintained on i t s  surface for 
high-speed operating  conditions. Since subsonic  velocities w o u l d  there- 
fore  exist on the nose surface up t o  a lfmiting  supersonic Mach number 
determined by the  nose  shape, adverse boundary-layer  shock-interaction ' . 
effects on the  nose ahead of the inlet could be avoided at l ea s t  up t o  
t h i s  Mach number. 

The three   in le t s  were investigated at an .angle of attack of Oo and 
an angle of yaw of Oo f o r  a Mach number range  extending from approxi- 
mately 0.4 t o  0.94 and f o r  a supersonic Mach number of 1. is. The inlet- 
velocity-ratio  range  extended from 0 t o  a maxirmun value of 1.9. Measure- 
ments included  external-surface prelgsure distribution, wake-survey d~ag, 
and impact-pressure  recovery of t he  internal flow. 

The results of the investigatlon ahowed that the mz&qum values. of 
impact-pressure-recovery coefficient w e r e  high (approximately 0.96 at 
the inlet of configuration A) and were l f t t l e  affected by Mach number 
over the  range  investigated. Large external-drag  increases were Shawn 
f o r  a l l  subsonic Mach numbers when the  inlet-velocity ratio was reduced 
t o  low values  because of either external-flaw  separation at t he   i n l e t  
l i p  o r  increase-d  shock  losses. A t  Fnlet-velocity  ratios in the  range 
of those ra t ios   su i tab le   for  high-speed  operating  conditions, the wake- 
survey drag coefficient  for.one of  the  configurations  rose sharply above 
a Mach number of 0.8. The use af an external  shape of higher c r f t ica l  
speed i n  another  configuration led t o  very l i t t l e  increase i n   t h e  drag 
up t o  a Mach  number o f  0.94 and led also t o  a substantfal  reduction i n  
the  supersonic external pressure-drag coefficfent; The supersonic 
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pressure drag of this higher-critical-speed  configuration w a s  estimated 
t o  be approximately equal t o  that of the NACA 1-40-200 nose in l e t  and 
30 percent  greater than that of  a closed nose of fineness  ratio 6.0. . 

An investigation of a fuselage-side air. inlet designed for   use at 
transonic  speeds  has been reported  in references 1 e d  2. The i n l e t  
configuration of reference 1 consisted of an NACA 1-series nose i n l e t  
(reference 3) of re la t ively large i n l e t  diameter with a long protruding 
central  body. Three  nose o r  central-body  profiles  designed t o  maintain 
substream velocit ies over the nose  surface  under  high-speed  operating 
conditions w e r e  studied. Since subsonic  velocities would exis t  every- 
where on the.  surface of each  of .these  noses up t o  a -limiting  supersonic- 
flight Mach number determined by the nose  shape,  adverse boundary-layer - 
shock-interaction  effects on the  f'uselage  nose  ahead of the in l e t  would 
be  avoided at leas t  up t o  this Mach number. The inlet   inveetigated In 
ref'erence.2 w a s  the same as one of the  in le t s  of  reference 1 except  that 
8 pi lo t ' s  canopy and nose-wheel fa i r ing  were added to make a twin  side * 
i n l e t  of the basic  annular  inlet. 

The t e s t s  of references 1 and 2 were conductea a t  low speeda. The H 

present paper reports an investigation at transonic  speeds of the type 
of inlet   studied  in  these  references.  Measur&ents of ejrternal-surface 
pressure  distributions, external skin f r i c t ion  and shock losses, and 
internal  impact-pressure  recovery are analyzed. - .. - 
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f ree  streem - 
in le t   s ta t ion  (minimum duct area jus t  behind in l e t  lip) 

central  body 

diffuser rake s ta t ion  

inlet   rake  s ta t ion  ( just  ahead of minimum are8  station, 
see  fig. 1) 

external  fuselage  surface from i n l e t   t o  maxfmum-diameter 
s ta t ion  

p i lo t  ' 6  canopy 

venturi  rake  station 

nose-wheel fa i r ing  

APPARATUS AND TESTS 

Tunnel.- The t e s t s  w e r e  conducted i n  the Langley 8-foot high-speed 
tunnel. The tunnel test  section was designed f o r  subsonic t e s t  Mach 
numbers extending up t o  0.99 and f o r  a supersonic Mach number of 1.2. 
The aerodynamic characterist ics of the test  section  are  presented  in 
reference 4. For t e s t s   a t   t h e  supersonic Mach number, the central-body 
apex  of  each model was located 50 inches  damstre-em of  the  tunnel 
effective-minimum-area s t a t i m ;   t h e   k c h  number in the  region of the 
model was 1.19. For t e s t s   a t  the subsonic Mach numbers, the  central- 
body apex  of  each model w a s  located  10  inches  forward of the  tunnel 
effective-minimum-area station. . .  .. 

Condensation effects  at the  tunnel  test   section were avoided by 
controlling the  stagnation  temperature by  means of the tunnel  exhaust 
and intake  vents. 

Models. - Three model configurations w e r e  investigated. One of the 
models, designated  inlet A, is  shown in   the  upper part of figure 1, arid 
was similar to   that   invest igated  a t  low speeds i n  reference 2. The 
same nose in l e t  o r  cowling, the  NACA 1-85-050, was used. The "short 
conical nose" of reference 1 w a s  used f o r  the central-body  shape, and 
the canopy l ines  of reference 2 were used fo r  the  external canopy shape. 
A rounded nose-wheel fa i r ing  similar in shape t o   t h e  canopy was used 

z 

i 
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of reference 2. Coordinates for   the  canopy 
. *  

-md nose-wheel fairing  are  presented in  tables I and IT. - 

t 

1 

The other model configurations  are shown in   t he  lower part of fig- 
ure I. An NACA 1-80-100 nose i n l e t  was f i t t e d  wtth two interchangeable 
central bodies. The codcal   central  body  was identical  with  the  central 
body of i n l e t  A, and the  prof i le  of the curved central body (shown as a 
dashed l ine)  was taken from reference 1. Central-body coordinates  are . 
given in table  111. When equipped  with the  conical  central body th i s  
i n l e t  is designated  inlet B, and with the curved central  body, in le t  C. 
These in le t s  were investigated only as annular inlets.  The maximum 
diameter of both NACA 1-series nose in le t s  was 3 inches. 

Inlet  B w a s  designed for   the purpose of investigating  the  effect 
of us- a higher-critical-speed external surface  rearward of the   in le t  
lfp. As stated in  reference 1, the  curved'central-body  profile of 
in le t  C was designed for  increased volume within  the nose. 

The NACA 1-series nose in l e t s  used as the  basic components of the 
inlets   ut i l ized  inner- l ip  nose rad i i  1.5 times normal a f te r  a suggestion I 

of reference 3. Coordinates of the  Fnner-Lip fair ing are given i n . f ig -  
ure 1, and the  external-cowling  ordinates may be obtained from refer- 
ence 3. 

Model mountin%.- The  models w e r e  mounted on a st ing which w a s  
supported along the  tunnel  axis  (fig. 2).  Bearings in the  st ing supports 
permitted  longitudinal  mtion of the   s t ing  so  that   the  model could be 
conveniently  positioned  .in  either  the  subsonic o r  supersonic test section. 
Three guy wires  (fig. 2)  w e r e  used to r ig id ly   f ix   the  models a t  an angle 
of attack of  0' and a yaw angle of 0'. 

Connect- members between the  inlet  models and s t ing  are  sham i n  
figure 3. The mdels  were mounted on a  length of straight  pipe of 3-inch 
outside  diameter;  this  pipe was attached t o  a  tapered  pipe which was 
terminated at the  exi t  of the  internal-flow  duct. 

Internal-flow  ducting and instmentation.-   Internal-flow  rate was 
regulated by controlling the  exit  area by m e a n s  of the   s l iding  bal l  shown 
in figure 3. The internal flow was diffused  fromthe inlet t o  the 
straight pipe,  then expanded through a venturi, and finally  diffused t o  
the  exit .  The length of straight pipe between the   i n l e t  and venturi was 
provided t o  reduce the  rotational  variations of the flow at the  venturi. 
Angular surveys at  the  venturi showed tha t  the flaw there was closely 
axially symmetric so  that  it was possible   to  use a single  diametrical 
survey  rake of total-pressure md static-pressure  tubes for measuring 
the mass flow. 

. , L - - .  - 
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Survey  rakes of  total-pressure  tubes were used t o  measure  impact- 
pressure  recovery i n  the internal-flow  ducts.  Inlet A w a s  equipped  with 
a rake  near  the  inlet of the  right duct and one in the diffuser of the  
left duct. The locations of these rakes are shown in figure 1. The 
diff'user rake was located  at that point i n  the diffuser where the  duct 
area was 2.31 times the inlet area. This rake w a s  constructed of tubes 
w i t h  0.020-inch outside diameter and 0.010-inch inside diameter. The 
in le t  rake wae m a d e  of 0.040-inch-diameter  tubing,  the ends  of which 
were f la t tened to form openings about 0.005 by- 0.045 inch. The tube6 of 
t h i s  rake were led out  through the external-model  surface and downstream 
i n  a f la t  belt normal t o  the surface. 

In le t s  E and C were equipped with a total-pressure rahe located 
1.29 inches downstream of the in l e t  lig, where the duct  area w a s  approxi- 
mately 30 percent greater than the in l e t  area. This rake w a s  constructed 
and mounted lFke the inlet rake of  inlet A. 

External pressure orif ices  and wake-survey rake.-  For  each inlet ,  
pressure  distribuiiion was measured on the  external  surface  rearward of 
the in l e t  by a single  longitudinal row of pressure  orifices, and on 
in l e t  A a single  pressur-e  orifice was located on the  central. body 
0.3 inch ahead of the  inlet .  The locatione of these  orifices are shown 
in   f igure 1. 

An external survey rake of total-pressure and static-pressure  tubes 
was used t o  measure external boundexy layer and shock losses at subsonic 
Mach numbers. The position of this rake is sham in figure 3. The 
first eight  inboard  tubeb  of  the  rake had an outside diameter of 
0.03 inch and were assembled in. a so l id  band w i t h  the first tube in 
contact w i t h  the model surface. The other  tubes of the  rake had an 
outside diameter of 0.03 inch.  Static-pressure  tubes were offset  
about 0 . 3  inch from the  plane of the total-pressure  tubes. 

t 

d 

Tests.- Data were recorded by photographing multitube manometers 
fo r  a range of free-stream subsonic Mach numbers exbending from approxi- 
mately 0.4 to 0.94 and fo r   t he  supersonic Mach number of 1.19. The 
corresponding Reynolds number range, based on the cowling maximum 
diameter,  extended from approfimately 6.1 x 105 t o  9.8 X 105. The inlet- 
veloclty r a t i o  was varied from 0 t o  a maximum value of 1.9. 

- 

Measurements at the Mach numbers of 0.9 and 1.19 were made both 
w i t h o u t  and with a r t i f ic ia l   t rans i t ion  strips applied t o  the central  
body and external cowling surface of i n l e t  L These strips w e r e  
3/16 inch wide and were m a d e  of No. 60 carborundum grains cemented t o  
the  surface. The t r a i l i n g  edge  of the  circumferential strip on the nose 
was about 1.5 inches  forward of the inlet. The s t r i p  on the  external c 

cowling surface was placed with its leading edge at t h e   i n l e t   l i p  and 
was not applied t o   t h e  canopy o r  nose-wheel fa i r ing surfaces. - 
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Tunnel-wall corrections, - Because of the small size  of the  model 
re la t ive t o  the  tunnel  test-aection dimensions, no wind-tunnel-wall 
corrections have been applied t o   t h e  data. 

Inlet-velocfty ra t io .  - The values of inlet-velocity  ratio  given in  
t h i s  paper were calculated  f rm.the  internal  mass-flow ra te  and the  inlek 
area. (See reference 5.)  Isentropic flow was assumed fmm the  f ree  ’ 

stream t o   t h e   i n l e t  f o r  subsonic Mach  numbeI.8; and for   the  superaonic 
Mach  number, an inlet  total-pressure decrement equal to the  total-pressure 
loss through a normal. shock from the   f ree-s t rem Mach number  was  assumed. 
These values of inlet-velocity  ratio are thus of a nominal nature because 
of the  presence of boundary layers and velocity  gradients  at  the  inlet. 
A chart is prodded  in  f igure 4 for convenient  conversion fmm inlet- 
veloci ty   ra t io   to   e i ther  the mass-flaw coefficient &/Al, which is based 
on the  inlet  area, o r  the mass-flow coefficient C, which is based on 
the reference  area F. 

The precision of the  inlet-velocity-ratio  calculations w a s  
influenced by the free-stream Mach  number, the Internal-flow rate, and 
the  inlet  area. The largest   errors for inlet-velocity  ratios of 0. l 
and 0.6 were approximately M.05 and a.02, respectively. The maximum 
e r r o r  in   inlet-veloci ty   ra t io  grew smaller  as  the  inlet-velocity  ratio 
was increased above 0.6 until ,   for  the  free-streem Mach  number involved, 
choking at the   in le t  w a s  approached. At tha t  point the rtmximm error was 
amplified t o  approximately M.03 as a resul t  of the  rapid rate of change . .  

of  inlet-velocity  ratio  with mass-flow coefficient  near  inlet-choked 
conditions. The error in  mass-flow coefficient always regularly  decreased 
with  increasing flow rate. 

.. 

The inlet-velocity  ratio at which the  data  indicate  that  the  inlet 
w a s  choked in  some cases w a s  substantially  less  (by  approximately 0.13 
i n  one instance)  than  the one-dimensional value which can be calculated 
from the   ra t io  of the  inlet t o  the  free-stream Mach  number for an in l e t  
Mach  number of unity.  Part of  t h i s  discrepancy may be ascribed t o   t h e  
error m t i o n e d   a h v e ,  and the remainder was probably due to   the   e f fec t ive  
reduction of the minFnnun duct areas by boundary layers. 

Impact-pressure  recovery.- At any given inlet-velocity  ratio above 
tha t  for boundary-layer separation from the  central  body ahead of the 
inlet ,   the  presence of the pilotrs canopy  and the nose-wheel fa i r ing  
of i n l e t  A probably  exerted little influence on the  total-pressure 
recovery at  the  locations of  the  pressure-recovery  rakes. If t h i s  
assump$ion is true,  the measurements axe equivalent t o  those  that  would 
be obtained  for  the  inlet   in  i ts   annular form. 
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Th$ impact-pressure  recovery was weighted against area rather than 
against the local  mass flow i n  t he  integration  used t o  compute the  
average  pressure-recovery  coefficient  (see symbols) since no s t a t i c  
pressures in the ducts were measured. Larger values would resul t  if the 
pressure  recoveries were weighted against mass flow. The increment 
between the values  given by the two methods would be largest  for those 
cases where extensive  total-pressure  gradients existed. across t h e  duct 
but would be negligible  for  those  cases &ere the  total-pressure distri- 
bution was flat BC~OSS almost the entire  duct. The maximum increment 
i n  impact-pressure-reoovery coefficient that would be obtained by 
weighting  against mass flow rather .than  against.  area would o.ccur i n  the 
case of the  diffuser survey of i n l e t  A and I s  estimated t o  be of the 
order of j0.05. 

M e r n a l  measurements.- As in the  case  of  the  pressure-recovery 
measurements, the presence of the p i lo t ' s  canopy and nose-wheel fa i r ing  
of i n l e t  A is not  believed t o  have had a large effect  on the external- 
surface  pressure  distribution and the  losses measured by the  external 
survey rake. The external  pressure drag and wake-survey drag coefficients 
were cmputed by neglecting  the  presence. of th.e..c%opy and nose-wheel 
fairing; in other words, the measurements of pressure  distribution 
obtained i n  one radial plane were treated  as measurements in an axially 
symmetrfcal flow field.  The val idi ty  of ccmrparing the measurements of 
in le t  A with  those of the annular  inlets B and C i s  thus dependent A 
on the ammt of canopy and nose-wheel-fairing  interference. 

c 

.. . 

The data obtained at  the  subsonic Mach numbers v i t h  the  external 
survey rake w e r e  computed by the usual method of computing drag f r o m  a 
wake survey  (reference 6). The values of the  drag coefficients  obtained 
i n  this manner from the wake survey of the present  investigation  are 
useful in evaluating changes in the '  forebody drag which resul t  from 
changes fn  the inlet-velocity  ratio, Mach number, o r  model shape. 

External  pressure drag. - The external  pressure-drag  coefficient  has 
been calculated from the  pressure  distributions meaaured a t  the  supersonic 
test Mach  number by a method complementary t o   t h a t  of reference 7. The 
basis of the method can be visualized by consideration of a hypothetical 
inlet-afterbody combination.  For annular in le t6 , ' the   cen t ra l  body is 
assumed t o  be cylindrical between the i n l e t  and an annular  exit,  the  area 
of w h i c h  is calculated  to  obtain  free-streem  pressure at this  point.  
Behind the exit ,   the  central  body is  assumed t o  taper  so gradually that  
the  pressure  acting on its surface i s  e w a l   t o   t h e  free-stream pressure, 
and the exterior  surface of the in le t  downstream of the maximum-diameter 
s ta t ion is also assumed t o   t a p e r  E O  gradually tha t  free-stream  pressure 
acts on this surface. The external  pressure drag is then  defined as the 
sum of  the  dragwise components of a l l  pressure  forces  acting  internally 
and externally minus the internal  drag result ing from the momentum defect 
o f  the je t .  This momentum defect i s  assumed to arise  only from the total- 
pressure loss of a normal shock f m m  the  free-stream Mach number (Internal 



2 NACA RM L50H24 - ' 9  
- 

flow aasumed isentropic downstream of the normal shock).  Negligible 
differences would result i f  this mentum  defect had been calculated f r o m  
the  total-pressure loss through  the  actual shock conf igmt ion  because  of 
the low supersonic  free-atream Mach number. When calculated by the above 
method, the external  pressure drag reduces to  the following expression 

- 

me foregoing method neglects  the  effects of the  central-body boundary 
layer on the external-pressure forces. These effects   are  expected to be 
negligible  for  conditions of unseptrated  central-body flow ahead of the 
in l e t .  

The .scarcity of  pressure orif ices  in  the v ic in i ty  of the leading edge 
of the   inlet  lip led t o  an estimated  precision in the  external  pressure- 
drag coefficient of  M.02. 

L hpact  Pressure Recovery 

Representative  impact-pressure-recovery  distributions are presented 
in figures 5 and 6, and the variation of the average-Impact-pressure- 
recovery  coefficient with inlet-velocity  ratio is presented in figures 7 
and 8. Because of twin-duct flow ins tab i l i ty  whfch is discussed in the 
following section,  the  individual  inlet-velocity  ratios of the two 
branches of the duct of inlet A are  not knm below system fnlet-veloclty 
ratios of approxhately 0.6; hence, all curves f o r  i n l e t  A are dashed 
curves below th is  value of system inlet-velocity rat io .  

rn 

Inlet  A.- A t  the lower system inlet-velocity  ratios the central- 
body boundary layer of in le t  A was re lat ively  thick because of the 
adverse  pressure  gradient  acting ahead of the inlet   ( f ig .  5(a) ) . As the  
inlet-veloc2ty  ratlo was increased thia gradient was reduced ana the 
central-body boundary layer became thinner. An impact pressure  closely 
approaching that of the  f ree  stream was available  over much of the inlet 
at the higher inlet-velocity ratios at all Mach numbers including the 
supersonic Mach m b e r  of 1.19. At the Mach number of 1.19 fill free- 
stream -act pressure was not obtained i n  ' a q y  point in the   in le t  because 
of small total-pressure losses through shocks on the  central  body. 

I 

Visual  observation of the shock pattern on the  central  bodies w f t h  -. the  aid of a concentrated  arc lamp showed an attached shock a t  the apex 
of the central body and, since the t e s t  Mach number greater  than 
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the minimum f o r  supersonic flow on the  eurface, 8 normal shock, wfiich 
was estimated t o  be about one inch ahead of the inlet, e d s t e d  on the  
central  body. This -normal shock curved gr&ufLly r e b a r d  and, at the 
limits of  the f ie ld  of view, appeared t o  be approaching the shock which 
was attached at the  apex of the   central  body. ' . ' A s  a resu l t  of the pressure 
rise associated with the  normal shock, the  centrsl-body boundary layer at 
t he   i n l e t  was thicker for the  supersonic Mach number than for any of the 
subsonic Mach numbers. . 

Average pressure  recoveries  for inlet A measured at the  entrance of 
one branch  of the intake duct and i n  the  diff'user of the  other branch of 
the duct at longitudinal  station 3.05 where the area was 2.31 t imea  the 
in l e t  area are presented  in figure 7. The maximum values of pressure 
recoveqy were high and w e r e  l i t t l e  affected by Mach  number over  the  range 
investigated. 

Some of the curves of f igure 7 show a rapid  decrease in pressure 
recovery at inlet-velocity  ratios of 0.4 t o  0.6 ~ E I  the inlet-velocity 
r a t i o  was decreased from the  higher values. These decreases were caused 
by boundary-layer separation from the  central  body ahead of the   in le t  and 
would be expected t o  occur at  inlet-velocity  ratios of t h i s  order. Other 
curvea, however, indicate high pressure  recovery at very low inlet-velocfty 
ratios.  Also, at the lower inlet-velocity  ratios,  the  pressure  recovery 
measured in   the  diffuser  of one branch of the duct ,sametimes was higher d 
than  the  pressure  recovery measured in  the  entrance of the other branch. 
Both of these phenomena are explained by the  fact   that   the  individual 
inlet-velocity  ratios of the two branches of  the duct w e r e  not.necessarily 
the same as the system inlet-velocity  ratio  against which the pressure- 
recovery  data are plotted because in l e t  A is subject to the  type of 
twin-duct-flow  Fnstabili-t;y  discussed i n  reference 8. A t  inlet-velocity 
ra t ios  less than 0.4 t o  0.6, the  inlet-velocity  ratio of the branch o f '  
the  duct  with  the  .high  pressure  recovery was substantially higher than 
the system iniet-velocity  ratio;   therefore the flow conditions of this 
branch of the  duct we- near  those  for maximum pressure  recovery. The 
inlet   velocity of the  opposite branch of the duct was lower than  the 
system inlet-velocity  ratio and, aa a result ,   the Impact-pressure  recovery 
wae low. 

t 

The existence of flow ins tab i l i ty  I s  confirmed by  ineasurementa 
obtained by a surface-pressure  orifice on the  central  body near the i n l e t  
of the duct  containing the i n l e t  rake (fig. 9). A discontinuity  occurred 
in the variation w i t h  inlet-velocity  ratio of the static  preesure measured 
by this or i f ice  when the system inlet-velocity  ratio was reduced below 
tha t  for  maximum impact-pressure  recovery as indicated by a survey of the 
pressure  recovery i n  the  venturi  throat downstream of the  junction of the 
two ducts (fig. 7). This  dlscontirmity  could be caused only by atl abrupt 
change in   the  inlet-veloci ty   ra t io  of the duct-branch  entrance direct ly  
behind the  or i f ice .  A t  inlet-velocity  ratios below 0.6 the  duct branch 
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which contained the inlet rake w a s  operating at a velocity r a t i o  higher 
than  the system met -ve loc i ty  r a t i o  and the other branch which contained 
the  diffuser rske was operating at an inlet-velocity  ratio lower than  the 
system inlet-velocity  ratio  (f ig,  9). 

- 

Since no static-pressure meaeurementa were made inside  the  ducts, 
the individual  inlet-velocity ratLos of the two ducts of i n l e t  A are 
nbt knk. It was sham experimentally  .as  well as analytically tn 
reference 8, however, that ,  above the minimum inlet-velocity  ratio f o r  
stable flow, the flow tends to  divide  evenly between the two ducts. The 
data  presented  herein  therefore would be expected t o  be valid above this 
value of inlet-velocity  ratio which, i n  the present case, is t h e  value 
of the  inlet-velocity  ratio in  figure 7 below which the impact-pressure 
recovery of elther the   in le t   o r  d i m e r  first s t a r t s  t o  decrease  rapidly 
as the  inlet-velocity  ratio.  i s  reduced from the  higher  values. The 
value of minimnun inlet-velocity r a t i o  selected  in this m e r  (see  fig. 7) 
i s  approximately the same as the inlet-velocity  ratio below which the 
average  impact-pressure  recovery measured in the venturi (downstream of 
the junction of the  two branches of the ducts)  also starts to decrease 
rapidly w i t h  decreases i n  the system inlet-velocity  ratfo. 

S 

Other tests (reference 7) have indicated  that Mach  number has no 
large  effect on the minimum inlet-velocity rat i o  f o r  high  pressure  recovery. 

dam to an inlet-velocity  ratio of 0.3, and the l&-speed tests of refer- 
ence 1 at a comparable Reynolds number (short  conical  nose)  indicated 
high recovery at t he   i n l e t  above an inlet-velocity  ratio somewhere 
between 0.4 and 0.6. 

tr The high Mach number data of figure 7 indicate high pressure  recovery : 

Substantial  losses  resulting from flow separation  fromthe  inner 
surface of the   in le t  U p  w e r e  measured in   the  diffuser a t  the highest 
inlet-velocity  ratios  (f ig.  5(b), M, = ; O . b ) .  These losses become 
important for  the take-off and  climb conditione. Numerous exgeriments 
have sham, however, that such loasels may he substantially reduced  by 
the use of less  curvature at the i n l e t  lip. 

At all Mach numbers except 0.40 the pressure  recovery i n   t h e  diffuser 
dropped precipitously at the maximum inlet-velocity  ratio aa a result  of 
choking a t   the  inlet. Iqjact-pressure measurements dawnstretan of the 
inlet  indicate  substantial  losses  across  the  entire duct at this condition, 
(f fgs. 5(b) and 7). As the  exit area vas fncreaaed beyond tha t   fo r  
choking at t h e  inlet ,  the losses   af ter  diffusion progressively  increased 
w i t h  the progression of the n o m 1  shock down the diffuser, while the 
inlet-velocity ratio remained constant. (See fig.  *5(b), % = 1.19, 
Y. = 0.76.) 

I VO 

Inlets B and C. - Pressure-recovery  curves  are  preeented i n  figure 8 - f o r  the annular in le t s  B and C. *Despite the  scarcity of t e s t  poFnts in 
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some cases,  indicative  curves can be drawn if  it is  admitted tha t  the 
Mach number difference of t he  curves f o r  each W e t  has small effect on 
the minimum inlet -veloci ty   ra t io   for  high pressure  ficovery. Although 
the  data do not  .penult a reliable  conclusion.to be  drawn concerning the 
relat ive performance of inlets B (conical  nose) and C (curved  nose),  the 
maximum pressure  recovery sham by the highest test point8  for   inlet  B 
appears t o  be slightly h i ee r  than the max- recovery sham fo r   i n l e t  C. 

The single  test   point at - Vl = 0.47 f o r   i n l e t  B at the  supersonic Mach 

number appears to   indicate  t h a t  high pressure recovery may be maintained 
t o  821 inlet -veloci ty   ra t ro   s l ight ly  lower than  that   for   inlet  C. These 
fragmentary resu l t s  sees1 to   ind ica te   tha t  the central-body shape of inlet B 
is slightly bat ter  than f o r   i n l e t  C insofar as the pressure-recovery 
characterist ics of the in l e t  are concerned. 

VO 

The inlet-velocity-ratio range f o r  near maximum pressure  recovery 
is indicated  in figure 8 t o  be appreciably less fo r   i n l e t  C than  for 
i n l e t  B. This difference is caused in part by the higher  inlet-velocity 
ratio  recpired in the case of i n l e t  C t o  avoid  boundary-layer  separation 
fmm the central  body ahead of the  i n l e t  and in   par t  %y the  lower choking 
inlet-velocity  ratios  indlcated  for inlet C. It i s  pointed  out that the 
differences i n  the indicated choking inlet-veloci ty   ra t ios   for   inlets  B 
and C probably are a resu l t  of the  previously mentioned inaccuracy i n  
measuring inlet-velocity  ratio  for choked inlet  conditions  rather  than 
8.n actual  difference  in the choking inlet-velocity  ratios of t he  two inlets .  
Reference t o  figure 4 shows that the corresponding  differences in mass- 
flow coefficient &/A1 are less than  approximately 3 percent. 

2 

.i 

Effect of f ixed  transit ion on pressure  recovery.- Inasmuch as 
boundary-layer t ransi t ion may be expected t o  occur  relatively  farther 
forward on a full-scale  aircraft   than on the model tested, a t ransi t ion 
s t r i p  w a ~  applied t o   t h e  nose of i n l e t  A in qne tes t   to   i rgure   t rans i t ion  
w e l l  ahead of the  in le t .  Average-Impact-pressure recoveries measured 
at two Mach numbers are presented in   f igure  ,lo. and are compared with 
corresponding  average-hpact-pressure  recoveries measured with  natural 
t ransi t ion.  I n  each case the t ransi t ion s t r i p  caused a slight reduction 
of the  maxFrmun-impact-pressure recovery  coefficient. At the Mach  number 
of 0.9 fo r   t he  run w i t h  the   t rans i t ion   s t r ip ,   the  flow distribution 
between the two branches of  the duct happened t o  be reversed f m m  that 
shown f o r  the  aerodynamically smooth configuration;  these  data,  therefore, 
cannot be used f o r  determining the effect  of f ixing  t ransi t ion on the 
minimum inlet-velocity  ratio for hi& pressure  recovery.  Fortunately, 

.however, the flow distribution between the two branches of the  duct was 
the same with and without t rans i t ion   a t   the  Mach  number of 1.19. The 
curves of  figure 10 f o r  I& = 1.19. seem to   ind ica te  t h a t  the  addition 
of the t ransi t ion s tr ip  had only a small effect  on the minimum inlet -  
veloci ty   ra t io   for  high pressure  recovery. All the higher. Mach number 
data  presented,  therefore, would be expeated t o  be valid at full-scale 
Reynolds numbers. 

.I . ... 
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.. 
Ekternal  Pressure  Dietributions 

- Pressure  distributions measured on the  external cowling surface 
downstream of the  inlet   are  presented  in figure 11. As was mentioned 
in the discussion of the  pressure-recovery measurements, the  values of 
inlet-veloci ty   ra t io  shown for  inlet A (fig.   =(a)) are calculated from 
t he   t o t a l  mass flow passing  through  both  ducts,  and the individual Inlet- 

inlet-velocity  ratios of about 0.5 or 0.6. 
, ? d o c i t y  r a t i o  of e i ther  nf the twfn in le ta  is n o t  knam below system 

A t  a Mach number of 0.4, the flow phenomena are ess   ent ia l ly   the s m e  
as those discussed in  reference 3. A t  the  higher  inlet-velocity  ratios, 
the  pressure  llistributions were nearly flat. As the  inlet-velocity  ratio 
was decreased,  the  pres-sure  distributions changed, as would be expected 
from consideration of the  re la t ion between local  angle of   a t tack  a t   the  
l i p  and inlet-veloclty  ratio.  A t  the  lowest inlet-velocity  ratios,  very 
high  negative  pressure peaks  were  measured near   the  inlet   l ip .  In some 
cases,  the  manmeter board height was Fnsufficfent to measure these 
pressures (fig. l l f a ) ) ,  and these  points  are  indicated by a r m s  on the  
pressure-distribution diagrams. Flow separation  over  the cowling fs 

re lat ively  broadregion of  high negative  pressure  coefficient  near  the U P -  
2 . indicated by those curves f o r  low hle t -ve loc i ty   ra t ios  which exhibit a 

L The c r i t i c a l  Mach number, defined  as  the Mach .number at which local  
sonic  velocity is f i r s t   a t t a i n e d  in the  flow  over  the cowling,  could 
easi ly  be  exceeded a t  low Mach numbers  by reducing  the  illlet-velocity 
ratio t o  those values for which large negative  pressure peaks were induced 
a t   t he  inlet l ip .  However, because of the small extent i n t o  the  stream of 
any shock present in this region  (reference g), appreciable  shock loases 
and 821 associated drag increase are not  necessarily  expected when- these 
pressure peaks a t   t h e  inlet l ip   subs tan t ia l ly  exceed the  cr i t ical   pressure 
coefficient'. A normal  shock causing  important drag increases is indicated 
in some cases where presaures  substantially lower than   t he   c r i t i ca l  
pressure  increase t o  values  corresponding t a  subsonfc  velocities near o r  
downstream from the fuselage maximum diameter. 

For Mach numbers of 0.9 and lower, the  pressure  distributions 
of h l e t  A (fig. ll(a) ) show a compression t o  approldmately  free-stream 
pressures slightly damstream from the  fuselage maxfmum diameter. A t  
t he  Mach numbers of 0.94 and 1.19, t h i s  compression moved fa r ther  down- 
stream beyond the   l as t   sur face   o r i f ice  on the  model. 

A t  those  inlet-velocfty  ratios f o r  which a nearly  f la t   pressure 
distribution i s  shown, the  induced velocities  over  the more gradually 
curved (and higher design c r i t i c a l  Mach number) cowlings of  i n l e t s  B 

(fig. 11 (a) ) . Consequently, fo r  any specified  supercrit ical  Mach number, 
t h e   c r i t i c a l   p r e s s u r e   c o e f f i c i d  w a s  n o t  exceeded near  the maximum diameter 

. md C (figs.  ll(b) and l l ( c ) )  were substantially lower than  those of i n l e t  A 

.. 
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stat ion by in le t s  B and C t o  as great a degree 86 by i n l e t  A. The shock 
losses and drag  of in le t s  B and C would therefore be expected t o  be lower 
than  those  for  inlet  A. 

A comparison of the external  pressure  distributions of i n l e t s  B 
and C at several   inlet-velocity  ratios is shown by cross  plots in  f igure 12. 
Higher pressures are indicated  over the external surface of the nose inlet 
with the curved central  body ( inlet  C )  as a resul t  of the  smaller effective 
l i p  angle of attack. The difference i n  the shape of the  central  bodies, 
however, had l i t t l e   in f luence  on the pressures near  the maximum diemeter; 
hence, the external  drag  of-the two arrangements would not  be  expected t o  
differ importantly at   the  higher  inlet-velocity  ratios.  

Wake-Survey Drag 

Inlet-velocity-ratio  effects. - Results of the d r a g  measurements made 
w i t h  the  external survey rake are  presented in figure 13 88 a function of 
inlet-velocity  ratio. At any par t icular  Mach number, the drag was smallest 
a t   the  highest Inlet-velocity  ratios, where the  drag ale0 waa re lat ively 
insensit ive  to  inlet-velocity  ratio.  It will be remembered tha t  below X 

inlet-velocity  ratios of approximately 0.6, the alopes of the  curyes f o r  
in le t  A are  doubtful  since the  data  points are plotted a8 a Function of 
the system inlet-velocity  .ratio. .i 

* 

The source of the enormaus increases in drag which Pesulted when the  
inlet-velocity  ratio was reduced from the  higher values may be seen by 
examination of the  external  pressure  distributions and wake profiles.  The 
wake  profiles are presented in figure 14 88 the   radial   var ia t ion of point 
drag coefficient, which is  the  elemental drag coefficient  calculated from 
the  flow momentum defect  at  a point. 

The boundary layer of the external  surface w a s  very  thin at the 
low-drag high-inlet-velocity-ratio  condition, but for  those  low-inlet- 
velocity  ratios  at  which the  large drag increaees w e r e  m e a s u r e d ,  separation 
of the  flow from the  external  surface a t  the  Inlet l i p  is evidenced by 
very large  increases f n  the boundary-layer thickness sham by the wake  
profiles. A good example i s  provided by the  data of inlet A fo r   t he  Mach 
number of 0.4. As the inlet-velocity  ratio was reduced from the  maximum 
value t o  0.57, the  drag coefficient  increased  slightly  (fig. 13(a)), and 
a sharp local  pressure peak formed a t   t h e  inlet l ip   ( f igure  11 (a) ) . A t  
lower inlet-velocity  ratios, t h i s  sharp  pressure peak dropped off and 
broadened, signifying  separation, and the drag increased greatly. The 
wake profiles (figure 14( a) show a corresponding large  increase in the  
magnitude and extent of the boundary-layer  losaes. 

Because of the smaller  effective l i p  angle of attack induced by the 
curved central  body, external-flow s e p d t i o n  and the  result ing  large 



drag increaee were delayed t o  a lower inlet-velocity  ratio f o r  W e t  C 
(figs. 13(b), 14(b), and 14(c))  than f o r  in le t  B. The central body of 
in le t  C therefore  appears t o  be preferable t o  the  central  body of hie$ B 
w i t h  regard t o  the  inlet-velocity  ratio  that  can be used  without 
incurring  large  increases in external drag. 

Shock losses. - A large.  increase in the wake-survey drag coefficient 
at  the  higher  inlet-velocity  ratios was measured f o r  inlet A (fig. l3 (s ) )  
86 the Mach  number WBB increased from subcrit ical  speeds t o  0.94. The 
compression  shock causing this drag incpease is evfdenced by the small 
but extensive lose shown i n  the wake prof i lea  at the  higher Mach ambers 
(fig. 14(a)), and by the  supercritical  pressures which increase to values 
corresponding t o  subsonic flow in  the  region  near  or downstream from the 
maximum diameter s t a t ion   . ( f i g .   l l ( a ) ) .  As w a s  inferred from the pressure 
distributions,  the shock losses of the  higher  critical-speed inlets B 
and C (figs. 14(b) and 14(c))  are  smaller and less extensive than those 
of in le t  A. 

The variation of the wake-survey drag coefficient  with Mach number 
for in le t s  A and B i s  presented  in  figure 15 for inlet-velocity  ratios 

This figure was  obtained by cross-plotting  the  curves of figure 13. The 
” of 0.6, which is near  the nrInlinnlm for high pressure recovery, and 1.0, 

i. number of about 0.8, beyond which there was l i t t l e   d i f fe rence  in the 
0 drag of inlet A for both  inlet-velocity  ratios  rose  sharply above 8 Mach 

d r a g s  f o r  these  inlet-velocity  ratios. 

A t  the Mach  number of 0.8 for both inlet-velocity  ratios,  the drag of 
in le t  A was approximately  equal to tha t  of inlet  B. Dats are not  available 
over  a  range of inlet-velocity  ratios f o r  inlets  B and C a t  Mach  numbers 
other than 0.8. However,  inasmuch as the curves of figure 13 show that 
very l i t t l e  change fn drag M u l t e d  den the  inlet-velocity  ratio w a s  
increased above 1.0, drag values measured only at  the maxFmum t es t   in le t -  
velocity  ratios at higher Mach numbers are  plotted f o r  inlet  B i n  figure 15 
and may properly be used f o r  defining  the curve f o r  the  inlet-velocity 
ra t io  of 1.0. This curve  then shows that  the drag of inlet  B has risen 

, but s l ight ly  up t o  a Mach  number of 0.94, and is there much smaller than 
the d r a g  of in le t  A. It 8- l ikely  that   the  relationship between the 
d r a g s  of inlets  A .and B at the  inlet-velocity  ratio of 1.0 would be 
unaltered  at the inlet-velocity ratio .of 0.6. These resulta emphasize 
the importance of using  a  high-critical-speed cowlfng shape. 

The flagged symbols in  figure 15 f o r  in le t  A at   the  Mach number 
of 0.9 a,re for the  case where t ransi t ion w a ~  fixed on the  central body 
and in le t  l i p .  The differences i n  the  locations of these symbols indicate 
the drag increase which resulted from the  t ransi t ion strip.  This drag 

of laminar flow on the  cowling surface. 
. Increase is of the maepitude that  would be expected &e t o  t h e   e l h i m t i o n  
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For the three nose in l e t s  of  references 7 and 9 f t  w a s  found tha t  
sharp preasure, Eeaks induced at the .inlet l i p  at  low-inlet-velocity  ratios 
resul ted  in  no appreciable  effect on the drag at subsonic Mach mbers  
above the c r i t i c a l  Mach  number. Wake-survey  measurements indicated that 
the  shock losses were essentially  unaffected by the  pressure peak in   sp i t e  
of the  local  supersonic Mach numbers indicated by the  peak. This same 
phenomenon is shown  by the  data of in le t  A for   the  Mach  number of 0.79 
and by the  data of inlets B and C for   the  Mach  number of 0.80 (figs. 11 
and 14). 

Consider the  case of inlet .A. A sharp pressure peak was measured at 
the  h l e t  l i p  at a system inlet-velocity  ratio of zero  ,(fig. ll(a)). Thie 
pressure p e d  corresponds t o  a relatively  high  local  supersonic Mach 
number from which the  flow wa6 gradually compressed t o  subsonic velocit ies.  
An inspection of the  #&e prof i les   for  this Mach number (0.79) s h m  no 
evidence  of shock losses  (fig.  14(a))  with  the  high  negative peak pressure 

coefficient  present (2 = 0) but indicates  that  the drag increase shown 

in   f igure . l3(a)   resu l t s  from external separation of the  flow a t   t h e  inlet 
l i p .  A different  behavior i s  indicated by the  data for Mach numbers 
of 0.85 and 0.9,  however. It i s  shown in f igu re   l l ( a )   t ha t   t he  Mach 
number ahead of the noma1 shock, and consequently the  losses through 
t h i s  shock, w e r e  increased 88 the  inlet-velocity  ratio wa8  reduced t o  
very low values. This phenomenon i s   i l l u s t r a t e d  by the wake profile for 
the  Mach number of 0.90 ( f ig .  14(s)) where it is seen  that  the  large drag 
increase measured a t  zero  inlet-velocity  ratio is due in  large part t o  the  
increased shock losses. 

The magnitude of the drag increase caused by reducing the  inlet-  
veloci ty   ra t io  w i l l  be appreciated &en compared with  the drag of a 
complete airplane. The drag coefficient of  the  D-5%-I1 airplane, f o r  
example (reference lo) ,  varies from values of  approximately 0.02 t o  0.08 
through the  transonic  speed range  (based on wing area). The maxim 
increase in the  wake-survey drag coefficient  for inlet A, M = 0.9 
(fig. 13(a)) which resulted from reducing  the  inlet-velocity  ratio  to 
appmxlmately 0.1 from the  higher  values w a s  0.024 (based gn w i n g  area) . 

Supersonic  External  Pressure Drag 

The relative  extemal  pressure drws of in le t s  A and B st the 
supersonic t e s t  Mach number have been estimated from the  external  pressure 
distributions with the assumption tha t   the  presence of the pilot 's  
canopy  and nose-wheel f a i r i n g   o f - i n l e t  A had no large  effect  on the 
pressures  at  the row of pressure  orifices.. The .methQd of calculating  the 
external  pressure-drag  coefficient i s  discussed in the  aectlon entitled 
"Methods and Precision," where it w a s  shown that  the  calculation  required - 



- 
howledge of the  force an the  central body. Inasmuch as no surface 
pressures were measured on the  central  bodies  with  the  exception of tha t  

parison of the  external  pressure drags of in le t s  A and B is made  by 
comparing for each in le t  the.  value of the  external  pressure-drag  coef- 
ficient  less  the  central-body  force  coefficient.  Inlets A and B had the 
sene central  body, so that  the  force on the  central  body a t  any given 
fi;let-velocity r a t i o  should be the  same f o r  each in le t ,  and the  difference 
in  the  quantity ( C - C F ~ )  f o r  each in le t  at f~ given  inlet-velocity r a t i o  

would therefore be the difference in the  external  pressure-drag  coefficients. 
The quantity ( C ~p - C F ~ )  i s  presented as a fbnction of' Wet-veloci ty  ratio 

in  f igure 16, where it is  ..indicated  that  the  external  pressure  drag of' 
in le t  B is substantially lower than  that of i n l e t  A. 

- measured by the  single  pressure  orifice  previously mentioned, the com- 

In order  to  estimate  roughly  the magnitude of the  pressure-drag 
coefficients of Inlets A and B and  compare these magnitudes with  those. 
of other  bodies,  the  force on the  conical  central body of in le t s  A and B 
was estimated at an inlet-velocity r a t i o  of 0.6. The pressure  acting 
on the  co&ical  central body fmm the apex t o  the normal shock  ahead of 

Mach number. The pressure was assumed t o  jump suddenly a t   t h e  shock 
position t o  the slue given f o r  a  normal shock from the  supersonic Mach 
number  on the cone. The pressure on the  central  body at the  inlet  was 
assumed equal to the  value  calculated fmm the one-dimensional value of 
inlet-velocity  ratio. Between the shock position and the  inlet ,   the  
pressure was simply assumed t o  vary l inear ly  when plotted  as a function 
of the square of  the  central-body  radius. (The pressure measured by the 
only  available  nose-pressure  orifice agreed w e l l  with  this assumed d is t r i -  
but  ion. ) 

.. .. the   in le t  was calculated fmm knowledge  of the cone angle and free-stream 

L. 

The external  pressure-drag  coefficients  obtained by adding the 
estimated  central-body  force  coefficient t o  the  values of c% - cFc f o r  

in le t s  A and B a t  an inlet-velocity  ratio of 0.6 are shown in   f igure  16. 
The two points shown f o r  each in l e t  correspond t o  t w o  different assrlmptions 
of the shock posit  ion  as  indicated .by the shadawgraph observation. The 
higher  points were calculated  with  the normal shock assumed 1- inches 
ahead of the  inlet ,  and the lower points were calculated  with  the shock 
assumed 1 fnch  ahead of the  inlet .  The pressure drags of the NACA 1-40-200 
nose in l e t  and a solid  ell iptica1,nose of  el l ipsoid  f ineness  ratio 6 
(major-to-minor a x i s  ra t io)  are presented f o r  comparison in   f igure 16. 
These data were obtained from reference 7. Inlet  A is indicated  to have 
the  highest d r a g  of a l l  configurtitfons, and the drag of in le t  B is approfi- 
m a t e l y  equal t o  tha t  of the NACA 1-40-200 no8e inlet,  &ich is about 
30 percent  higher  than  that of  the closed-nose body. 

l 
2 



18 NACA RM L5oH24 

Design Considerations 

The resu l t s  of the investigation  indicate that the in l e t  arrangements 
investigated  achieve the objective of. avoiding  important  adverse boundary- 
Layer interaction  effects on the internal  flow i n  the transonic range, 
at  least up t o  e Mach number of 1.19. The configurations  investigated 
o5viarsly a r e  not optimum, however. 

The reduction  in  the  external  drag  at  transonic speeds which resulted 
from replacing  the low c r i t i c a l  Mach number nose Inlet of in le t  A with the 
more graltually curved, higher   cr i t ical  Mach  number nose in l e t  of inlet B as 
well 88 the tests of references 7 and 9 suggest  that  Further Improvement i n  
the  transonic drag of the  in l e t  may be effected by ut i l iz ing  an external shape 
of still hi&er c r i t i c a l  speed. As t he  curvature o f  the  external  surface 
is decreased t o  obtain lower  induced velocitfes and higher c r i t i c a l  speeds, 
other  things remaining  constant, the minixuum inlet-velocity  ratio needed 
t o  prevent a pressure peak at the i n l e t  l i p  is expected t o  increase. 

Since  increasing  the  inlet-velocity  ratio  to  the higher valuee needed 
t o  remove t he  pressure peaks on the i n l e t   U p  q reduce the uitimate 
pressure  recovery,  the improvement in  the  external  characterist ics must 
be compromised w i t h  the impairment of t he  internal  characterist ics.  The 
gains t o  be real ized i n  removing the  pressure  peak.at the l i p  may be .a 

either  very  large  or  quite small. If the peak is quite  localized at the 
l i p  w i t h  a . rap id  compression rearward, the only  appreciably  detrimental 
resul t  may consist of a forward movement of the boundary-layer t ransi t ion 
point, which for f i l l -eca le   a i rc raf t  m8y involve a very  emall  increase 
in  drag. If the peak i a  broad, t he  fluw may separate from the l ip ,   o r  
the strength of the  normal shock on the external  surface-may  increase w i t h  
very  large drag increases  possible. ." 

z 

The present  data  also  indicate that a small 8mount of curvature 
be incorporated in   t he  noae prof i le  without affecting  the  internal  preesure- 
recovery  characteristics of  the  inlet  appreciably, This curvature would ' 
provide  increased volume i n  the nose and, at t h e  same time, by reducing 
the  effective flow angle a$ the   l ip ,  would reduce the value of inlet-  
velocity  ratio  required  to  avoid  the  formation of a pressure peak on the  
l ip .  

Further  research is required to establish the  optimum configuration 
of this   type of inlet from the viewpoint of further  increasing the  
pressure  recovery and reducing  the drag. 
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- 
The following major conclusions were drawn from an investigation of 

three Fueelage air Inlets  desimea  specifically  to  avoid important adverse 
boundary-layer shock-interaction  effects on the  internal-flow preSsure 
recovery up t o  a small supereanic Mach number: 

1. The maximum values of impact-pressure  recovery  coefficient were 
hi&  (approxhately 0.96 a t  the in l e t  of configuration A) and were l i t t l e  
affected by Mach number over the range inveatigated, even for   the  super- 
sonic Mach  number 1.19. 

2. A reduction of inlet-velocity  ratio below the value for an 
approxbmtely f lat  e x t e h a l  pressure distribution led t o  reduced pressures 
over the  external  surface near the  inlet   l ip .  A t  the subsonic Mach 
numbers, these reduced pressures took either the form of a  sharp peak 
in  the  distribution, w i t h  a rapid compression rearward and only a small 
Increase  in  external drag, or  a  broader peak w h i c h  was associated  with 
very  large drag increases. Wake s u m p  showed that  these  large drag 

and, i n  some cases, from increased shock losees. 
.. increases  resulted  separation of the external flaw at the in l e t  l i p  

b. 3. External-flow  separation at the i n l e t   l i p  was delayed t o  a lower 
inlet-velocity  ratio by substituting  a curved  nose for the conical nose 
of one configuration. This change led, however, t o  a mall r ehc t ion  in 
the maximum Fmpact-pressure recovery. 

4. A t  inlet-velocity  ratios in the range of those  suitable f o r  high- 
speed operathg  conditions, the wake-survey drag coefficient of one 
configuration  rose sharply above a Msch number of 0.8. The drag of another 
confTguration which had an external  shape of higher c r i t i c a l  speed, 
increased very l i t t l e  up t o  a Mach number of 0.94. 

5. The use of the  external  shape of higher   cr i t ical  speed  resulted 
a l so   in  e. substantial  reduction in the external  pressure-drag  coeff-icient 
at  the  supersonic Mach number.  The pressure drag of  this  configuration 
w a s  estimated t o  be approximately  equal t o   t h a t  of the NACA 1-40-200 nose 
in le t  and 30 percent  greater than that  of a closed nose of flneness 
r a t i o  6.0. 

Langzeg Aeronautical  Laboratory 
National A d d s o r y  Committee f o r  Aeronautics 

Langley Air Force Base, Va. 
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(b) Bottom of Wheel Well 
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TABIX 111 

CENTRAL BODY COOKDIHATES 

[jl dfmensfone are in inches] 

I n l e t  A 

X 

-5 973 
0 
0.220 
550 

1.100 
I. 650 
2.200 
2.150 
3 330 
3 850 
4.400 

0 
1.001 
1.024 
1 .om 
0.924 
.840 
: 754 
.656 
-530 
348 

0 

In l e t  B T 

-5 973 
0 
0 .ow 
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.650 
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1.110 
1.650 
2.200 
2.750 
3-333 
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.878 
.822 
7 a  
572 

0 

I n l e t  C 

X 

-5 973 
-5 650 
-5 -250 
-4.850 
-4.450 
-4.050 
-3.650 

-2.850 
-2.450 
-2.050 
.-1.650 
-1.250 
-0.850 
- .450 - -250 
0 
.030 
.150 
.250 
350 
.450 
550 - 650 

. n o  ' 

1.650 
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rC 

0 
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.282 
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.614 
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.744 
.€loo 
,849 
8 9  
930 
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1.012 
1.010 
1.008 
1.003 
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0926 
8-m 
.822 
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Figure 5.- Impact-preesure  recovery distributions.  Inlet A. 
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Figure 5.- Concluded. 
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Central b o d y  . Outer duct 

.6 .8 
R a d i a l  d is tance  f rom  center   l ine,  ' r / R  
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F i g u r e  6 . -  Impact-pressure recovery distributions; longitudfnal 
station, 1.29. Inlets E and C. 
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Figure 7.- Variation of average impact-pressure  recovery with inlet- 
velocity ratio. Inlet A. 
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Figure 8.- Variation of average Impact-pressure recovery with inlet- 
velocity  ratio;  longitudinal  station, 1.29. Inlets B and C. 
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Figure 10.- Effect of fixed tramition on average Fmpact-pressure  recovery. 
Inlet A. 
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Figure 11.- External-surface preesure distributions. 
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Figure U.- Continued. 
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Figure 11.- Continued. 
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(c) Inlet G. 

Figure I 2  .- Concluded. 
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Figure 12.- Effect of central-body shape on e x t e m - e w f a c e  press- 
diatributlon. 
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Inlet-velocity  ratio, V, /Vo 

(a)  Inlet A .  

' m e  13.- Variation of wake-survey drag coefficient w i t h  inlet- 
velocity ratio.  
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Figure 13. - Concluded. 
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Figure 14.- Concluded. 
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Figure 16.- E x t e r n a l  preseure-eag comgariaons. M, 1.2. 




